An enigmatic yet fundamental principle of signal transduction is that parallel signaling pathways assembled from a common repertoire of enzymes are able to propagate diverse physiological responses. A key feature of such a mechanism is that separate signaling pathways are organized into localized transduction units, each tailored to respond optimally to a particular signal. Protein-protein interactions maintained by anchoring, adapter and scaffolding proteins provide the molecular glue that holds these signal transduction units together. A major objective of the signaling community is to ascertain how signals flow through compartmentalized transduction units that contain transmembrane receptors, protein kinases, phosphatases and their substrates.
Introduction
Recent advances in our understanding of cell signaling have highlighted the complexity of biological information processing. While many components of these signaling cascades are well known, it is still unclear how multiple signaling pathways interact with each other and how this communication is regulated. Increasingly, attention is shifting towards understanding the subcellular organization of signaling enzymes. In this review, we will discuss the emergence of 'signal-directing' molecules that target the activity of broad specificity protein kinases and phosphoprotein phosphatases to predetermined cellular microenvironments. We will also discuss the use of kinase scaffolds in the segregation of parallel signal transduction pathways that emanate from G-protein coupled receptors. Finally, we will consider the implications of these findings for future research directions that may further elucidate the cellular role of these signaling complexes.
Signaling Networks and Compartmentalization
A cellular response to hormone action or growth factor stimulation is often the engagement of signaling complexes that include modulatory proteins, signaling enzymes and their substrates. The integrity of these multienzyme complexes is often sustained by adapter or scaffolding and anchoring proteins [1] . A variety of binding partners can interact with these organizing molecules, making it possible to construct intricate signaling complexes from a simple set of building blocks. Several recent reviews provide insightful perspectives on the roles of signaling complexes maintained by these modular adapter proteins in the control of cellular processes [2] [3] [4] [5] [6] . This article will highlight the added levels of complexity that are conferred by the compartmentalization of these signaling networks. Once tethered to distinct sites, kinases and phosphatases gain a measure of selectivity in their action due to their restricted access to a subset of substrates. Subcellular localization provides a means of spatially segregating broad specificity kinases and phosphatases to avoid indiscriminate phosphorylation and dephosphorylation events [7] . Dephosphorylation of β β2-AR and GRK2 are likely to be important signal termination events in this process. Interestingly, this function could be mediated by AKAP79, which also binds to the phosphatase PP-2B.
Organization of MAP Kinase Pathways

Implications of Compartmentalization
One surprising outcome of the human genome project is that the total number of genes expressed in an individual cell is less than was anticipated [64, 65] . Yet the complexity of biological processes requires these genes to be used in different ways to meet the demand for cellular diversity. A second postulate is that additional diversity can be achieved through the dynamic assembly of signaling networks. This can occur on a short time scale via [86] have recently shown that both β β2-AR and β β-arrestin are targets for ubiquitination and that ubiquitination of these proteins contributes to agonist induced receptor trafficking and degradation. In addition, Marchese and Benovic [87] have shown that another GPCR, the human immunodeficiency virus coreceptor CXCR4 undergoes agonist induced ubiquitination which promotes receptor sorting to lysosomes. It is likely that future studies will identify other signaling networks that are subject to ubiquitin mediated regulation.
Future Directions
We anticipate that increased use of techniques such as mass spectrometry, genome-wide two-hybrid analysis and cell imaging will facilitate the detection and analysis of signaling complexes. The integration of these approaches has already led to the development of protein-protein interaction maps for the yeast genome [88, 89] and no doubt future ventures will focus on similar analyses of mammalian genomes. When these data are combined with information regarding tissue distribution and subcellular localization of individual components it should be possible to develop a more complete picture of the composition of signaling complexes in individual cells. Genetic approaches including gene targeting, antisense ablation of gene expression and RNA interference (RNAi) [90] provide powerful tools to manipulate the expression and composition of particular signaling networks in mammalian systems. In addition, highly sophisticated mass spectrometry techniques can be employed to assess the degree of covalent modification and possibly the stoichiometry of proteins within signaling complexes [91] . One persistent limitation to the mass spectrometry approach is that some of the conditions used in sample preparation, such as immunopreciptation or the expression of recombinant epitope tagged scaffolding proteins, may disrupt or alter the association of binding partners with the signaling complex. Nevertheless, these approaches could be used to compare the composition and covalent modification state of certain signaling complexes in normal and diseased cells. Undoubtedly, these advances will shed new light on the molecular complexity of cellular signaling processes. 
